It is important to obtain local transfer factors (TFs) of long-lived radionuclides for assessment of radioactive waste disposal, because climates, soil types and vegetation can affect TFs. Global fallout 90 Sr and 137 Cs are good tracers to obtain the TFs under natural conditions, however, their radioactivity levels in plants are extremely low. To close the gap, analyses of stable isotopes and natural radioisotopes in rice and wheat grains and their associated soils collected throughout Japan were carried out in order to obtain TFs under equilibrium conditions. We focused on rice and wheat, because the consumption of cereals is very high in Japan and other Asian countries. Sr. Using the elements' concentrations data, we proposed a 'Reference rice' (brown rice and polished rice) and a 'Reference paddy soil' to provide elemental composition data which can serve as reference values in mathematical transfer models and which allows the comparison of data for other crops.
INTRODUCTION
It is necessary to obtain the variations of transfer parameters that are used in mathematical models for a precise long-term radiological assessment. Among the parameters used in these models, the soil-to-crop transfer factor (TF) is a key parameter that directly affects the internal dose assessment for the ingestion pathway. As the TF can differ by areas due to different climates, soil types and vegetation, local TFs should be observed. Previously, Uchida and Okabayashi [1] surveyed TF values for various crops collected in Japan and around the world. The reported TF data obtained under natural conditions were limited especially in Asian and South American countries. Despite efforts to collect TF data in these areas through a coordinated research programme entitled "Transfer of radionuclides from air, soil, and freshwater to the foodchain of man in tropical and sub-tropical environments" by the Food and Agriculture Organization of the United Nations (FAO) and the International Atomic Energy Agency (IAEA) in cooperation with International Union of Radioecologists, the data are still limited.
The TFs of radionuclides should be obtained under equilibrium conditions for assessing the environmental transfer of the radionuclides from routine releases. Thus, TFs observed under natural conditions using global fallout Sr in crops are close to the lower detection limits of radiation measurements, thus, few TF data are available under natural conditions. In this study, we observed the TFs of stable Cs and Sr from paddy soils to rice and from upland soils to wheat to obtain the local TFs as alternatives to TFs of 137 Cs and 90 Sr. We chose inductively coupled plasma mass spectrometry (ICP-MS) and inductively coupled plasma optical emission spectrometry (ICP-OES) to measure stable Cs and Sr. About 40-50 elements including Th and U were also measured in the cereals and the associated soils.
We particularly focused on the TFs for Cs from paddy soil to rice grains, because rice plants are grown under waterlogged conditions, which are completely different from wheat cultivation conditions. Additionally, rice is a diet staple for people living in Southeast Asian countries including Japan. The TFs for wheat were also compared with those of rice, because both crops are classified as cereals and many TFs have been reported for wheat in Europe and North America.
Using the elemental composition data of rice and associated soils obtained in this study, we proposed 'Reference rice' (brown and polished rice) and a 'Reference paddy soil'. The idea was born from a 'Reference plant' [2, 3] , presented in the same vein as the 'Reference Man' that was developed by the International Commission on Radiological Protection [4] . For Reference plant, only components of green plants, which are native to central Europe or North America, were included in the evaluation [2] . However, in works to obtain local TFs, cereals, not green plants, should be considered for the subject countries. In the present study case, rice cultivated in Asian and South American countries is of interest, thus, it is necessary to establish a new reference.
EXPERIMENTAL

Soil, rice and wheat samples
Paddy soils (plowed soil layer: 0 -20 cm) have been collected nationwide from 11 -13 sampling sites and rice plants grown on these soils have also been collected in the harvesting season. Rice varieties grown traditionally in Japan are classified as short-grain types. Wheat plants and the associated soils were collected at 8 sampling sites by the National Institute of Agro-Environmental Sciences. Each rice sample was processed into brown rice (with bran) and polished rice (without bran). The average weight ratio of the polished rice to the brown rice was 0.9 (90% yield). The wheat grains were husked. The soil samples were air-dried and passed through a 2-mm mesh sieve. The soil and crop samples were ground into fine powder.
Analytical methods for stable isotopes and natural radioisotopes
Solution samples are usually used for ICP-MS and ICP-OES; thus, samples were digested with mineral acids (a mixture of HNO 3 , HF and HClO 4 ) using a microwave digester (CEM, MARS5). Sample amounts used were 100 mg for soils and 500 mg for crops. The digestion samples were made in duplicate. After the microwave digestion, each sample was evaporated to near dryness and the residue was dissolved in 20 mL of 2% HNO 3 . All the acids used were ultra-pure analytical grade (Tama Chemicals, AA-100). About 40-50 elements, including Cs, Sr, Th and U, in both crop and soil samples were measured using ICP-MS (Agilent 7500, Yokogawa) and ICP-OES (VISTA-Pro, Seiko) after diluting the acid solutions to a suitable concentration.
Standard solutions of known concentrations, 0-100 ng/mL for ICP-MS and 0-20 µg/mL for ICP-OES, were prepared by diluting a multi-element standard solution (XSTC-1, -7, -21, and -355, SPEX Ind. Inc.) with 2% HNO 3 . For ICP-MS, In, Rh, Tl or Bi was used as an internal standard.
RESULTS AND DISCUSSION
Transfer factors of stable elements and natural radioisotopes
The TFs were calculated from the concentrations of the radioactive or natural isotope in both crop and soil samples. The TF is defined as the concentration of an isotope in a crop (in Bq/kg or mg/kg dry weight (DW)) divided by the concentration of the isotope in soil (in Bq/kg or mg/kg DW). Figure 1 shows the results of TFs (geometric mean) for 23 elements. Some elements showed TF values higher than 0.1: Mg, K, Mo and Cd for wheat; Mg, K, Zn and Mo for brown rice; and Zn and Mo for polished rice. The TFs of Th and U were also of interest: the values for brown rice were 0.0001 and 0.00005; those for polished rice were 0.00015 and 0.0002; and those for husked wheat were 0.0008 and 0.0002, respectively. Except for several trace elements, TFs were usually highest in wheat followed by brown rice and then polished rice.
There are TF data for 137 Cs and 90 Sr in brown rice, polished rice and husked wheat [5] [6] [7] and the data were summarized recently [8] Sr in husked wheat were 0.0029 and 0.083, respectively [8] , and those of stable Cs and Sr were 0.0016 and 0.022, respectively. The IAEA [10] reported expected TF values for cereals collected in a temperate climate; the TF-Cs and TF-Sr were 0.01-0.083 and 0.02-0.21, respectively. Both expected values were slightly higher than the TFs of 137 Cs, 90 Sr, stable-Cs and -Sr we obtained in Japan. Probably, climates, soil types and vegetation influence the parameters. Although our data are limited, further study is necessary to collect local TF values for precise radiological assessment.
Transfer factor (dry weight basis) each plant species can be inorganically characterized by a specific element distribution pattern in accumulation or rejection of elements compared to 'Reference Plant'. Using the elemental composition data, chemical fingerprints can be described for brown rice and polished rice, however, it is more useful to develop 'Reference rice' in order to provide the elemental composition data directly as reference values in mathematical transfer models and to compare the data with other crops.
Also, when TF is considered, chemical data for paddy soil are also of interest so that the data for 'Reference paddy soil' were also collected. The results are listed in Tables 1 and 2 , for rice and soil, respectively. Only the data obtained in this study were used. From Table 1 , comparison of the data for brown rice and polished rice indicated that the concentrations of essential elements, e.g., Ca, Fe, K, Mg and Mn, in brown rice were usually higher than those in polished rice, however, the concentrations of other non-essential elements, e.g., Cd, Sb, Th and U, were almost the same in brown rice and polished rice. Since Reference rice is established from short grain rice, the results can be compared with long grain rice, which is also a popular grain type in Asian countries. Certified values of SRM 1568a from NIST are also listed in Table 1 . The standard reference material is fine rice powder of long grain type rice, husked (brown rice). When Reference brown rice and SRM 1568a were compared, for some non-essential elements, one order of magnitude differences were observed, however, concentrations of most elements were the same order of magnitude; that is, their elemental composition trend was almost the same. However, because the data are limited, further study is needed. Concerning the reference paddy soil, we compared element concentrations with continental crust values [11] . Concentrations of alkali and alkaline earth metals in the Reference paddy soil were slightly lower than those in the continental crust. Possible reasons are (i) the rice paddy fields are covered with water during rice planting, so these elements might be leached from the soil by the irrigation water, and (ii) Na, K, Ca, and Mg are major nutrients for plants so that they should be absorbed by the rice plants from the paddy soil.
The data listed in Tables 1 and 2 for the Reference rice and paddy soil will have to undergo frequent modification. Multi-element analyses are available to give the chemical composition so that by adding data Reference rice and paddy soil will be sufficiently verified statistically.
